Introduction
============

Approaches to the treatment of obesity remain challenging as the percentage of severely obese individuals continues to increase.^[@bib1]^ Practitioners are confronted with various options for weight loss but only surgical treatments currently offer long-term success for the severely obese.^[@bib2]^ In a review of the possible surgical options, the long-term efficacy and impact on the individual\'s quality of life require evaluation. There is little information in the literature comparing the commonly available surgical procedures and their effects on health-related quality of life (HRQoL) and depressed mood. When weight loss treatments were primarily restricted to dietary interventions, medications and life style modifications, modest long-term changes in body weight were applauded and these limited improvements in weight status continue to be validated for their positive impact on the medical comorbidities.^[@bib3],\ [@bib4],\ [@bib5]^ The impact on HRQoL has recently been reviewed as inconsistent in a series of randomized controlled trials of varying duration and weight loss interventions.^[@bib6]^

Reports in the literature typically conclude that weight loss is associated with positive effects on HRQoL for individuals of varied age, ethnicity and gender over a wide range of body mass indexes (BMIs) and weight changes.^[@bib7],\ [@bib8],\ [@bib9]^ What must be noted is that most interventions aside from surgery produce rather limited but still clinically significant weight changes. These weight changes do correlate positively with measurable HRQoL change. In the early short-term literature (\<2 years), weight loss continues to correlate with positive changes in HRQoL.^[@bib10],\ [@bib11],\ [@bib12],\ [@bib13],\ [@bib14]^ In the 10-year follow-up of the Swedish Obesity Study (SOS) observations of HRQoL seemed to follow the changes in weight loss, weight maintenance and weight regain.^[@bib15]^ At year 1, improvements were greatest and the deterioration in HRQoL occurred with weight regain. With a 10% sustained weight loss positive long-term effects were noted in HRQoL. Only 37 patients of the 851 who were surgically operated had a gastric bypass and these patients completed the study with a maintained body weight loss of 25.1%. As surgical procedures are continually evolving, the results of weight loss and its maintenance are continually improving.^[@bib2]^ A more recent study of gastric bypass patients, Kolotkin *et al.*^[@bib16]^ established that positive changes in HRQoL were maintained for a 6-year duration.

Comparisons of surgical outcomes are problematic as investigators perform different weight loss surgical procedures and elect to use different HRQoL instruments for their evaluations. Even with these confounding factors, severely obese patients consistently report marked improvement in mood state and HRQoL after surgery.^[@bib16],\ [@bib17],\ [@bib18],\ [@bib19],\ [@bib20],\ [@bib21],\ [@bib22]^ Whether or not HRQoL and depressive symptoms after weight loss surgery directly relate to the amount of weight loss remains an unanswered question, as current published studies have had inconsistent results.^[@bib23],\ [@bib24],\ [@bib25],\ [@bib26]^

As our high volume surgical center routinely offers four laparoscopic weight loss procedures (Roux-en Y gastric bypass (GB), biliopancreatic diversion with duodenal switch (BPD/DS), adjustable gastric banding (LAGB) and sleeve gastrectomy (SG)), we have had a unique opportunity to compare the effect of the different levels of weight loss from these surgeries, all performed by the same surgical group, on HRQoL and symptoms of depression. Our working hypothesis was that the post-surgery level of improvement in HRQoL and depressive symptoms would be related to the amount of weight loss obtained as a result of these different surgical procedures.

Materials and methods
=====================

One hundred five patients who were to receive one of four different laparoscopic surgical procedures to assist with weight loss (GB, BPD/DS, LAGB and SG) reviewed and signed an informed consent approved by the Institutional Review Board for this data collection. They completed three forms to assess HRQoL and symptoms of depression before surgery: Short-Form-36 Health Survey (SF-36), Impact of Weight on Quality of Life-Lite (IWQOL-Lite) and the Beck Depression Inventory (BDI).

More than 99% of patients who request weight loss surgery sign the approved consent to participate in providing information as a routine related to studying their surgical outcome.

It is acknowledged that all patients did not go on to surgery and those that have surgical procedures do not always follow their patient protocol and return for advised consults. On an availability basis when patients appeared for follow-up evaluation at their most recent visit, which could not be \<1 year after surgery and they had not received a surgical revision, they were weighed and again completed the three surveys.

Measures
--------

### Medical outcomes study SF-36

The SF-36^[@bib27]^ is a 36-item measure of general HRQoL, consisting of eight subscales (physical functioning, role physical, bodily pain, general health, vitality, social functioning, role emotional and mental health) and two summary scores (Physical Component Summary (PCS) and Mental Component Summary (MCS)). The two summary scores represent independent indices based on factor analysis of subscale scores using the Medical Outcomes Study data. Scores on all subscales and PCS and MCS range from 0 to 100, where 100 represents the best HRQoL. Scores for PCS and MCS are norm based, with a mean of 50 and an s.d. of 10. The SF-36 has been shown to have strong psychometric properties.^[@bib27]^

### Impact of weight on quality of life-lite

The IWQOL-Lite^[@bib28]^ is a 31-item measure of weight-related quality of life. There are five domain scores (physical function, self-esteem, sexual life, public distress and work) and a total score. Scores for all domains and total score range from 0 to 100, with lower scores indicating greater impairment. The IWQOL-Lite has demonstrated excellent reliability and validity.^[@bib28],[@bib29]^

### Beck depression inventory

This is a 21-item scale that assesses depressive symptoms and mood dysphoria and has well-established psychometric properties.^[@bib30],[@bib31]^ It has been widely used with diverse populations and is an accepted assessment for depressed mood.^[@bib31]^ Scores from 0 to 9 indicate minimal levels of depressive symptoms. Scores from 10 to 16 indicate increasing symptoms and scores 17 and over merit referral.

### Data management and statistical considerations

If ongoing visits occurred 1 year after surgery, the most recent form completion was included in the data base. Trained personnel reviewed forms for completeness and performed the scoring. The effect of each of the four surgeries on weight change and excess weight loss (EWL) was calculated by assuming normalized body weight with a BMI of 25 kg m^--2^; change in BMI divided by pre-operative BMI--25=% BMI loss, which represents the % EWL. BMI change was evaluated and compared between the surgical groups. EWL, BDI and HRQoL measures were compared among the four surgeries by the analysis of variance (ANOVA) test (for means) or the Kruskal--Wallis test (for medians), as appropriate. As a result of baseline differences in HRQoL scores between groups, HRQoL mean scores for each group post-surgery were adjusted by analysis of covariance (ANCOVA). Pairwise comparisons of mean outcomes between the four surgeries were adjusted by the Bonferroni method for multiple comparisons. Paired *t*-tests or Wilcoxon signed-rank tests were used to compare mean or median outcomes, respectively, before and after surgery within each surgical group (that is, HRQoL measures and BDI). The correlation between EWL (as represented by change in BMI) and HRQoL scores after surgery was assessed by the Spearman rank correlation coefficient. All *P*--values are two-sided with statistical significance evaluated at the 0.05 alpha level. All analyses were performed in SAS Version 9.1 (SAS Institute, Inc., Cary NC, USA) and Stata Version 10.0 (Stata Corp., College Station, TX, USA).

Results
=======

As patients appeared for follow-up at least 1 year after surgery, the three surveys were completed by 105 patients 24.6±13.6 months after surgery. Forms were completed 19.4 months after GB (*N*=46), 26.0 months for BPD/DS (*N*=18), 22.1 months for LAGB (*N*=18) and 36.1 months for SG (*N*=23) (*P*\<0.0001 by ANOVA test; [Table 1](#tbl1){ref-type="table"}). The four patient groups were not different in regard to age (*P*=0.30) and gender distribution (*P*=0.42; [Table 1](#tbl1){ref-type="table"}). Mean BMI after surgery varied between the surgery groups (*P*\<0.0001 by ANOVA test), with all pairwise group comparisons statistically significant (*P*=\<0.0001). GB patients had a reduction in mean BMI from 46.6 to 31.0 kg m^--2^ (*P*\<0.0001). BPD/DS patients had a reduction in mean BMI from 56.9 to 29.7 kg m^--2^ (*P*\<0.0001). LAGB patients had a reduction in mean BMI from 45.3 to 38.3 kg m^--2^ (*P*\<0.0001). SG patients had a reduction in mean BMI from 58.0 to 41.7 kg m^--2^ (*P*\<0.0001; [Table 1](#tbl1){ref-type="table"}). The mean BMI before surgery varied between the surgery groups (*P*\<0.0001 by ANOVA test), with all pairwise group comparisons statistically significant (*P*⩽0.0001). EWL as calculated based on BMI changes varied between the surgical groups (GB, 70.1% BPD/DS, 86.2% LAGB, 33.0% and SG, 48.7% *P*\<0.0001 by ANOVA test; [Table 1](#tbl1){ref-type="table"}).

The SF-36 indicated that there were statistically significant differences among groups (by the ANOVA test) for pre-surgery bodily pain (*P*=0.008) and social functioning (*P*=0.0.01). After surgery, there were group differences by ANOVA for physical functioning (*P*=0.03), general health (*P*=0.05) and the physical component (*P*=0.03). When post-surgery scores were adjusted for baseline SF-36 differences between groups, physical functioning by ANCOVA had a *P-*value of 0.038 with pairwise comparisons with the SG being significant for the GB, *P*=0.02 and the BPD/DS, *P*=0.02. General health responses were of increased significance, *P*=0.02 by ANCOVA. For all other domains, the differences between groups were not significant. What can be observed is that before surgery the patients in all surgical groups had an impaired quality of life as assessed by the SF-36, which markedly improved to resemble community norms approximately 2 years after surgery ([Table 2](#tbl2){ref-type="table"}).

The IWQOL-Lite confirmed no differences across groups before surgery, but again an impaired quality of life as measured by this survey directly related to the impact of weight ([Table 3](#tbl3){ref-type="table"}). After surgery, four of the five domains were significantly different as was the total score: physical function, *P*=0.003 (by ANCOVA *P*=0.01 with pairwise comparisons for the sleeve significantly different than the other three procedures); self-esteem, *P*=0.07; sexual life, *P*=0.04; public distress, *P*=0.003 and total score, *P*=0.002. The quantification of community norms allows for a strong image of the normalization of quality of life with weight change.

Before surgery, the mean BDI score was elevated to 10.6 and reduced to 4.4 after surgery. The four groups were not different by ANOVA before surgery (*P*=0.65 ) or after surgery (*P*=0.44), however, all post scores were significantly improved for each surgical group, ([Table 4](#tbl4){ref-type="table"}).

In regard to all the positive changes in quality of life and mood state, there was not a strong correlation with the percentage excessive weight loss. The correlation of the SF-36 change with EWL were *R*=0.11 with a *P*=0.36. For the IWQOL-Lite, the total score was similar with an *R*=0.15 with a *P*=0.321. Only the social functioning domain had an *R*=0.23 with a *P*=0.05. Weight loss with the assistance of surgery positively had changed the lives of these patients but over the wide range of weight change from 33 to 86% of excess weight being lost, but the responses to these physical changes on HRQoL and depression were not different.

Discussion
==========

In contrast to earlier studies of HRQoL and assessment of mood state for individuals enrolled in dietary and life style interventions for weight loss, the HRQoL and depressive symptoms reported after weight loss surgery were not directly related to the amount of EWL as we had hypothesized. We can only conjecture on several possible reasons for this difference. The Swedish study^[@bib15]^ followed a response similar to those receiving more customary interventions, but it should be noted that the long-term follow-up was on a limited sample of patients with approximately a 25% weight change. In fact, one of the interventions, the vertical banded gastroplasty is no longer used because of a significant failure of sustained weight loss and its effect on patients satisfaction.^[@bib32]^

The level of efficacy was set at 10% of total body weight in the Swedish study in contrast to the patients in this study who maintained EWLs from 33 to 86%. It is possible that patient\'s capacity to effectively lose weight and maintain weight loss and consciously feel in control of their bodies allowed for the observed improvements. Perhaps 'more is not better\' and indeed 33% EWL was sufficient to positively impact on the lives of those patients who had received a LAGB. The LAGB patients who had the least optimal responses in terms of percentage of EWL reported a similar level of HRQoL and depressive symptoms as the other surgeries. Obesity researchers in anecdotal reports acknowledge the concerns of 'successful\' patients who are concerned about their self-identity if they would become 'too thin\' with an operative procedure. What must be noted here is that all patients lost between 33 and 86% of their excess weight. All were successful by the standards accepted by most obesity researchers. More detailed studies are indicated if these findings are replicated.

The information on the responses to those receiving an SG as a sole procedure merits additional comment. Originally this procedure was used as the first step in a staged surgical procedure for weight loss.^[@bib33]^ As most of these early patients progressed to a second surgery within a year or so, the available sample with only an SG from this surgical center is limited. However, in the interim it was noted that some patients were able to achieve satisfactory weight loss with only the SG, and we now provide this operation to larger and older patients who may be at greater surgical risk. It is of note that these larger people receiving the SG reported similar, but not significant different, functioning on the SF- 36, although as may be expected for larger individuals, physical function, social interactions and sexual life were rated lower.

The depressive symptoms generally associated with severe obesity are reported with less frequency in this population after surgery. It is acknowledged that a certain percentage of individuals have an endogenous depression, but depressed mood is no longer impairing the life of a high percentage of patients after surgery. The definition of successful surgery improving the HRQoL of the bariatric patient cannot be solely defined on the resultant weight loss as Dixon has previously discussed.^[@bib19]^ In the study of Dixon and co-workers, patients who had undergone gastric banding surgery experienced improved HRQoL and a decrease in depressive symptoms in spite of remaining obese even when compared with a control group of weight-matched obese individuals who had not undergone the surgery.

When we examine the information provided by these post-surgery patients, it can be seen that on both the SF-36 and IWQOL-Lite patients are functioning close to the community norms. They have not achieved the idealized BMI levels that are suggested for the population in general, but after weight loss their HRQoL and mood state are not different from the general population although they may remain overweight or obese.

The literature is replete with references reporting positive improvement in HRQoL and mood with weight change over the short term, usually up to 2 years.^[@bib13],[@bib14],[@bib17],[@bib19],[@bib22],[@bib26]^ No reports have compared outcomes for the four surgical procedures from a single clinical site. Our recently published data brings to the foreground questions about the sustainability of these positive effects. When we evaluated our SG patients 5 years after surgery, some weight regain was noted and symptoms of mood dysphoria increased.^[@bib34]^ Such observations highlight the importance of continued observation to better understand the longer-term impact of bariatric procedures and facilitate appropriate interventions that may improve the welfare of patients. Much longer longitudinal follow-up is required to comprehend the life time effects of these bariatric procedures.

The observations reported here have significant limitations. All measures were collected from an availability sample. Those who returned for follow-up provided the opportunity to assess changes. It should be noted that there were significant differences in the numbers of patients in each group, baseline and follow-up BMIs, the amount of weight change, and the months after surgery when the information was collected. These factors were statistically adjusted to correct for baseline differences to make group comparisons possible. The different HRQoL responses for different patient groups are compared at different intervals after surgery. Nonetheless, it is acknowledged that the rates and amount of weight loss are characteristic for specific procedures and a plateau in weight can be observed at different time intervals for the different procedures. Future work should help define the importance of this variability and aid in its interpretation. Larger patients samples may modify these observations. However, in the light of the reported findings, the surgeon who at the specific request of his patient performs an acknowledged less effective procedure for weight loss should have less concern knowing there is a high probability that his patient\'s life will be positively affected.

Conclusion
==========

HRQoL and mood dysphoria were evaluated in four groups of patients who had received four different weight loss procedures that resulted in significant differences in EWL. The groups were similar in age and gender distribution, but different in BMI pre- and post-surgery, percentage EWL and months after surgery. HRQoL assessments and mood dysphoria as assessed by the BDI indicated that, although weight loss was significantly different, HRQoL and mood dysphoria were not different in the four groups after their surgical procedures. An impaired HRQoL and dysphoria that were reported before surgery had resolved to resemble community norms 2 years after surgery. There was no correlation of the amount of weight change with the positive changes in HRQoL and mood.
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###### Patient characteristics by surgery type

  *Surgery*      *N*    *Gender (%)*   *Age (years)*   *Months* post-surgery                    *Pre-BMI*                                *Post-BMI*                               %EBMIL[a](#t1-fn1){ref-type="fn"}
  -------------- ----- --------------- --------------- ---------------------------------------- ---------------------------------------- ---------------------------------------- ----------------------------------------
  GB             46        M=30.4      43.5±9.9        19.4±9.5                                 46.6±5.1                                 31.0±4.5[b](#t1-fn2){ref-type="fn"}      70.1
                           F=69.6                                                                                                                                                  
  BPD/DS         18        M=38.9      41.4±7.4        26.0±11.5                                56.9±12.4                                29.7±5.9[b](#t1-fn2){ref-type="fn"}      86.2
                           F=61.1                                                                                                                                                  
  LAGB           18        M=16.7      41.3±11.0       22.1±8.3                                 45.3±3.9                                 38.3±4.6[b](#t1-fn2){ref-type="fn"}      33.0
                           F=83.3                                                                                                                                                  
  SG             23        M=21.7      46.9±13.9       36.1±18.4                                58.0±10.3                                41.7±7.7[b](#t1-fn2){ref-type="fn"}      48.7
                           F=78.3                                                                                                                                                  
  Total          105    M=27.6 F=72.4  43.5±10.8       24.6±13.6                                50.7±9.6                                 34.3±7.3[b](#t1-fn2){ref-type="fn"}      61.8%
  Significance            *P*=0.42     *P*=0.30        *P*\<0.0001[c](#t1-fn3){ref-type="fn"}   *P*\<0.0001[c](#t1-fn3){ref-type="fn"}   *P*\<0.0001[c](#t1-fn3){ref-type="fn"}   *P*\<0.0001[c](#t1-fn3){ref-type="fn"}

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; BPD/DS, biliopancreatic diversion with duodenal switch; %EBMIL, % excess BMI loss; F, female; GB, gastric bypass; LAGB, adjustable gastric band; SG, sleeve gastrectomy.

\% Excess BMI Loss

*P*\<0.0001 by paired *t*-test for each group pre- and post-surgery.

*P*\<0.0001 by ANOVA test.

###### Pre- and Post- SF36 Scores by Surgery Type

  *Surgery*                          *GB*        *BPD/DS*    *LAGB*      *SG*        *Total*     *Comm. norms*
  ---------------------------------- ----------- ----------- ----------- ----------- ----------- ---------------
  *Physical function*                                                                            
   Pre                               59.0±25.8   56.1±27.0   52.5±33.9   46.2±30.9   54.2±28.7   84.2±23.3
   Post[a](#t2-fn1){ref-type="fn"}   87.1±21.9   93.1±8.5    80.6±28.8   71.6±27.4   83.3±24.0    
                                                                                                  
  *Physical role*                                                                                
   Pre                               59.6±36.3   55.4±40.6   66.7±38.9   41.7±44.3   55.2±39.9   80.9±34.0
   Post                              85.0±32.4   87.5±27.4   91.2±24.9   67.0±37.3   82.4±32.4    
                                                                                                  
  *Bodily pain*                                                                                  
   Pre[b](#t2-fn2){ref-type="fn"}    49.8±22.6   73.4±26.5   66.3±25.3   49.2±26.2   56.3±26.1   75.2±23.7
   Post                              75.2±26.9   75.1±20.9   77.4±25.6   65.2±29.6   73.3±26.4    
                                                                                                  
  *General health*                                                                               
   Pre                               47.7±23.1   51.4±22.2   61.6±21.3   50.7±22.5   50.9±22.6   71.9±20.3
   Post[c](#t2-fn3){ref-type="fn"}   70.2±20.2   77.8±21.5   68.6±22.1   58.0±24.3   68.3±22.3    
                                                                                                  
  *Vitality*                                                                                     
   Pre                               43.1±19.9   47.6±26.9   50.0±20.2   37.4±20.8   43.4±21.6   60.9±21.0
   Post                              63.0±18.3   63.8±20.1   63.1±20.7   54.1±19.3   61.1±19.4    
                                                                                                  
  *Social functioning*                                                                           
   Pre[d](#t2-fn4){ref-type="fn"}    65.2±25.1   72.3±21.5   81.3±20.3   52.5±26.7   65.5±25.7   83.3±22.7
   Post                              79.7±26.5   89.1±15.1   86.8±17.4   75.0±25.0   81.5±23.3    
                                                                                                  
  *Emotional role*                                                                               
   Pre                               69.7±42.0   66.7±41.3   80.6±38.8   55.6±47.5   67.1±42.9   81.3±33.0
   Post                              84.2±32.0   77.1±33.8   88.9±19.8   69.7±39.7   80.6±32.7    
                                                                                                  
  *Mental health*                                                                                
   Pre                               69.4±16.6   65.1±18.4   62.4±17.1   68.0±17.6   67.3±17.1   74.7±18.1
   Post                              77.0±14.7   75.3±18.4   70.9±19.7   71.8±17.3   74.4±16.9    
                                                                                                  
  *Physical component*                                                                           
   Pre                               38.1±10.0   41.1±11.9   40.6±11.8   34.7±11.3   38.1±11.0   50.0±10.0
   Post[e](#t2-fn5){ref-type="fn"}   50.2±8.1    53.1±5.7    50.1±12.6   44.0±12.9   49.2±10.3    
                                                                                                  
  *Mental component*                                                                             
   Pre                               47.6±10.0   46.6±12.8   49.7±7.1    44.9±11.3   46.9±10.5   50.0±10.0
   Post                              50.3±8.5    49.4±10.0   50.4±10.9   48.2±10.0   49.7±9.4     

Abbreviations: ANOVA, analysis of variance; BPD/DS, biliopancreatic diversion with duodenal switch; GB, gastric bypass; LAGB, adjustable gastric band; SF-36, Short-Form-36 Health Survey; SG, sleeve gastrectomy.

*P*=0.03 by ANOVA test for four groups post-surgery.

*P*=0.008 by ANOVA test for four groups pre-surgery.

*P*=0.05 by ANOVA test for four groups post-surgery.

*P*=0.01 by ANOVA test for four groups pre-surgery.

*P*=0.03 by ANOVA test for four groups post-surgery. For the other domains, differences between the groups were nonsignificant.

###### Pre- and post-IWQOL-Lite scores by surgery type

  *Surgery*                          *GB*        *BPD/DS*    *LAGB*      *Sleeve*    *Total*     *Comm. norms*
  ---------------------------------- ----------- ----------- ----------- ----------- ----------- ---------------
  *Physical function*                                                                            
   Pre                               42.6±21.7   41.2±30.5   58.0±31.4   42.0±25.4   44.0±25.9   90.0±14.9
   Post[a](#t3-fn1){ref-type="fn"}   89.7±12.9   93.2±7.6    82.8±20.9   72.2±26.7   84.6±19.6    
                                                                                                  
  *Self-esteem*                                                                                  
   Pre                               52.1±31.3   37.0±27.3   47.3±34.4   43.7±30.2   46.0±30.4   87.5±19.4
   Post[b](#t3-fn2){ref-type="fn"}   75.3±24.3   91.1±9.0    72.4±27.8   60.5±25.8   73.4±25.2    
                                                                                                  
  *Sexual life*                                                                                  
   Pre                               68.3±33.7   46.9±33.8   75.0±25.8   48.6±34.4   58.8±34.3   95.1±13.0
   Post[c](#t3-fn3){ref-type="fn"}   76.8±28.1   89.1±23.1   92.1±11.2   67.6±30.1   78.3±27.3    
                                                                                                  
  *Public distress*                                                                              
   Pre                               51.0±29.7   38.2±27.8   60.0±41.7   40.8±29.4   46.4±30.8   96.5±10.9
   Post[d](#t3-fn4){ref-type="fn"}   89.4±14.7   95.8±11.4   77.3±32.0   69.3±31.2   83.4±24.3    
                                                                                                  
  *Work*                                                                                         
   Pre                               67.0±24.6   60.6±34.6   78.6±27.0   53.9±28.9   63.5±28.7   95.4 ±11.5
   Post                              90.9±15.6   96.9±7.8    94.4±10.4   81.9±23.9   89.8±17.4    
                                                                                                  
  *Total*                                                                                        
   Pre                               56.9±23.1   44.4±26.8   61.4±25.0   47.4±22.9   52.2±24.4   91.8±12.0
   Post[e](#t3-fn5){ref-type="fn"}   84.9±14.5   93.1±8.8    81.6±20.3   69.7±23.2   81.7±18.9    

Abbreviations: ANOVA, analysis of variance; BPD/DS, biliopancreatic diversion with duodenal switch; GB, gastric bypass; IWQOL-Lite, Impact of Weight on Quality of Life-Lite; LAGB, adjustable gastric band.

*P*=0.003 by ANOVA test for four groups post-surgery.

*P*=0.007 by ANOVA test for four groups post-surgery.

*P*=0.04 by ANOVA test for four groups post-surgery.

*P*=0.003 by ANOVA test for four groups post-surgery.

*P*=0.002 by ANOVA test for four groups post-surgery.

###### Pre- and post-BDI scores by surgery type

  *Surgery*   *Pre-BDI*   *Post-BDI*   *P-value*[a](#t4-fn1){ref-type="fn"}
  ----------- ----------- ------------ --------------------------------------
  GB          11.1±8.6    4.5±4.0      0.0001
  BPD/DS      11.7±9.3    3.3±4.4      0.0001
  LAGB        8.3±6.9     3.7±2.8      0.04
  Sleeve      10.5±8.9    5.5±5.9      0.01
  Total       10.6±8.5    4.4±4.4      0.0001

Abbreviations: ANOVA, analysis of variance; BDI, Beck Depression Inventory; BPD/DS, biliopancreatic diversion with duodenal switch; GB, gastric bypass; LAGB, adjustable gastric band.

Paired *t*-test for each group pre- and post-surgery. Pre-surgery *P*=0.65 by ANOVA test; post-surgery *P*=0.44 by ANOVA test.
